
Biochhnh'a et Biophy*h'a ,4eta, I IIHI ( 199219+- 14 t) 
~} 19'42 Elsevier Science Publishers B.V. All rights reserved 00(15-2728/92,$(15.0(I 

BBADIO 43583 

Spectral identification of the electrochromically active 
carotenoids of Rhodobacter sphaeroides in chromatophores 

and reconstituted liposomes 

Wim Crielaard ,.i, Frank van Mourik h, Rienk van Grondel le  t, Wil N. Konings " 
and Klaas J. Hell ingwcrf  ''-~ 

" Department +~1 Micr<d>ioh~gy. Uniter~il)" ¢Jl(;ronbtgen. th~ren tNelh<'rh+ndO and ;' Ih'pt~rlnwnt ol Iliopll~w~, ['re<' ~)m cr.~ity ,q 
,4tn.vtcrdam+ ,41tl~tt'r~hlm CM'lhcrholtls 

{Received 3 October It}Oil 

Kc~, words: Carotcmfid bandshift; Pigment-protein complex: Light ha~c.,tmg complex, Rccolt~tilution: ('hromatoph.~rc: (RI,. 
Vd~+wroid,'~ 1 

Reaction centers with both light ha~cst ing complexes I and Ii (B875 and BgIlll/85(k i.e.. RCIJ t ll,tt ii complexes) have hccn 
isolated from Rhoth~bacter sphaetrmh's. These complexes have been incorporated into lipo~,, rues made from lipids purified from 
Escherichiu colt. The clectrochmmic bandshift of carotcnoids, present in these reconstituted complexes, ~,hov.,~ shil'tcd minima 
and maxima with respect It} a similar spectrum in chromatophores ol Rh. ,sldtaeroide.s in a potassium diffusi<m potential induced 
difference spectrum (scc also Criclaard+ W+, HcllingwerL K.J. and Konings, W.N. 119891 Biochim Biophy~. Acta 973, 205-211}. 
The absorbance spectrum, at r(R}m temperature or at 77 K, of both membrane preparations did not. however, reveal difference,, 
in the carotenoid region. The long-wavelength carotenoid peak in both preparations i~ located ul 513 nm (77 K). A small 
difference ctmld be t~bscrvcd between Ihe 77 K excitation speclra of  the B851} fluorescct|cc. Reconstituted complexes sllo~ a 
carotenoid peak at 513 nm, whereas in chromatophores this peak is located at 514.5 nm. When tluorc~,cencc ~r~is recorded ~ll 81)5 
nm, to detect BS[)t) cxcitaticm, there wa~ a marked difference bet,.~,cen h(+th plcparations. In lip(~somc~ the tong ~,,ax,clengih+ 
BS00-asst~iatcd carotenoid peak is located at 512.5 nm, whereas in chromatt~phorc:~ this peak ix located at 5 I++ rlnl, These result:, 
explain the shifted minima and maxima in a pota.~.inn'a diflusiorl illduced difference spectrum in pt-otcolipt)~omc~,. The prcdictitm 
of two carotenoid pools in cllrtmlatophures (De Grooth. B.G. and Ames,', J. I I977~ Biochim. Biophys. Acta 41+2. 247-258)ix 
confirmed, and the field sensitive carolcnoids are identified as the pool that is associaled ~ith the BSIHI band tKramcr, iI.J.M., 
Van Grondellc, R., Hunter, C+N., Wcsterh.tis+ W.lt+J+ and Amcsz, J. 119841 Bit}chim. l'hoph,.s. Acla 765, 15¢~-It+51. 

Introduction 

The  e lec t roehromic  r e sponse  of  the  caro tenoid  
molecu les  assoc ia ted  with the  a n t e n n a  complexes  o f  
Rhodospirillaceae has  been  widely used  to de t e rmi ne  
m e m b r a n e  potent ia l  va lues  across  m e m b r a n e s  t11 
pho tosyn the t i c  bacter ia  [ I -3] .  T he  ca ro teno id  absorp-  
t ion change  has  the  advan tage  o f  a rapid response  over  
o the r  m e t h o d s  for record ing  m e m b r a n e  potent ia ls  (see, 
for  example ,  Ref.  4). This  m e H m d  therefore  allows 
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measurcntcnt uf actua! c h a n g e s  of the mcmt~rane po- 
tential, which is not possible with the widely used 
distr ibut ion procedure ot l ipophi l ic itms since the diffu- 
sion of these  probes  across the m e m b r a n e  is not suffi- 
ciently fast (scc, for examph:, Rcf~. 3,5). Another ad- 
',antage of tile carotenoid handshift ;is mcnlbrane iIo - 
tcntial indicator is the linear relationship between the 
rncmbr;.me potent ia l  and the  absorpt ion change  [1], 
which makes  it possible to read directly the  m e m b r a n e  
potent ia l  (change)  in vivo. 

Recently,  it became also possible to use caro tenoid  
absorbance  changes  to record m c m b r a n c  potent ia ls  in 
m e m b r a n e s  in which caro tcnoids  arc not  endogenous ly  
prcscnt .  Af te r  the  rcconst i tu t ion of  p igment -p ro te in  
complexes  f rom Rhodobacler  .~phm'roides, conta in ing  
the  l ight-har~cst ing-II  (LH n ) complex  o f  the  a n t e n n a  
sys tem (to which the  electr ic-f ie ld-sensing caro tenoid  is 
bound,  see  Rcfs.  6 - 8 )  into l iposomcs,  potent ial- in-  
duced  absorbancc  changes  of  the  associa ted  carolcmfids  
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wcrc obsclxcd [9]. The mlportancc of this development 
ix obvious: the ~:bility to measure mcmbr~,nc potential 
changes on a rapid lime ~calc san no',v be exploited in 
non-photosynthetic membranes. By the membrane fu- 
sion technique the bacterial rcaclitm c e n t e r / a n t e n n a  
complex can bc introduced in membranes of fcrmcnta- 
tivc baetcria [111]. The relation bctwccn the membrane 
potcntial and the carotenoid absorbance change in the 
reconslitutcd liposomal system ix linear, as in native 
photosynthetic membranes [1]. The potential-induced 
difference spectrum of these reconstituted carotcnoids 
is, however, shificd approx. 4-5  nm to shorter v~ave- 
lengths with respect to the difference spectrum of Rb. 
sphaeroMes chromatophores [9]. Since (at room tcm- 
pcraturc) no shifts can be observed in an overall ab- 
sorhance spccirum of tile Iot;tl pt~ol of reconstilulcd 
carotcnoids (as is the case l'~)r lithium-dt)dccylsullfi]ate 
treated pignacnt-pmlein conlplcxc,, from Rho~h~pseu- 
~bmumas ackk~phihz [11]) it was suggcstcd that only lhc 
field-sensitive (presumably BNII(I)carotenoids display 
an altered speclrum [q], The actual t:hangc in position 
of the ab.,,orption peak o f  the B8il(I carotenoids might 
bc t~b~,curcd by the (ram-shifted) B851| and B875 
carotcnoids (for explanation of the carotenoid nomen- 
clature scc. for example. Rcf. 12). Thcrc arc strong 
indications tha! tv, o functi¢~nally different types of 
carotenoid exist within the LH u complex [12], one type 
associated with the BNIX.L and one associated with the 
BN50. In chromal~phorcs the magnitude ~11" the clcc- 
trochromic signal ts proportional to  the amount of 
LH ii 18]. Since thc BS5(I carotcnoid pool is bclicvcd to 
be structurally similar to the carotcmfids in the B875 
complex, which are n,;', field-sensitive, it has bo.'n 
suggested thai the BSI'.G carotenoids arc the ficld-scnsi- 
ti~c pigmcnls. 

t tcre wc use and tesl these assertions in ;.ix] attempt 
to explain the observed difference bet~vccn the band- 
shifl ~,pectra of chromatophorcs and reconstituted 
R( ' I . l t~I . t t  n complcxcs [9]. Since the field-sensitive 
can~tcnoitls arc suppt~scd Io ]')C tile only carolcnoids 
tll;~l trainedor energy to BNII(), Ihc cxcilzili~)n ,,pcctrum cff 
the emission of the B81)0 should contain only this pool 
t)f carolcnoids. In order to obtain a pure cxcitation 
spectrum of the BNI)I) emission wc performed lluorc~- 
cencc ~pcctroscopy at low temperature (77 KI. to oh- 
lain BN(ItI cnlission which ix well separated from (11c 
B8511 and B875 emission (also. possible contamination 
o1 the excitation spectrum by nlcan~ of 1~850 Io 1'~81|0 
bat'k-lransfcr is Ihus l'~revcnlcd). 

Mater ia l s  and M e t h o d s  

Gnm'th ~tl Rh. sphacrohh's and ptvpaluthm ~t" ¢hromato- 
phore,~ 

Rb..ydttlertmh's, strain 2.4.1, was grown anaerobi- 
cally al low light intensity (equidistant from two b(l W 

tungsten lamps placed 50 cm apart)  in 1 litrc bottles in 
the medium described r,y Sistrom [13] at 30°C. Cells 
wcvc harvested at an A~,~,~ of approx. 3, washed twice 
in 50 mM potassit, m pho~,phale (pH 7.6), 511 mM KCI, 8 
mM MgCI:, IIV'} sucrose and resuspcnded in this 
buffer. 

Chromatophores  were pr,-parcd from these cells by 
IWO StlCCCSSivc passages throu~,h a French pressure cell 
at 18111111 psi, 0°C. Debris was removed from the prepa- 
ration by low-spin centrifugation (30 rain, 211000 x g ,  
(t°(). Chromatophores  were collected by ultraeentrifu- 
gation (1 h. 200{XX)×g, 4°C) and resuspended in 50 
mM potassium phosphate  (pH 7.6), 50 mM KCI, 8 mM 
MgCI_~, I11% sucrose, to 1-1.5 mM bactcriochlorophyll 
(BChl). The chromatophores were kept on ice until 
further use. 

lsoh~tion ~f pigment-protein comph, res 
Pigmcnt-protcin complexes wcrc isolatcd from chro- 

matopht~res of Rb. sph,wroides according to a modified 
procedure from Varga and Stachelin [14] as described 
by Molcnaar et al. [15J fi)r Rhodopseudomona.~ pah~s- 
tris. but using cholatc instead of n-octyl /3-o-gluco- 
pyranosidc (octyl glucosidc). The RCLHILHn-com-  
plcxcs were cxtracted from the membranes with !.5% 
chelate in 50 mM potassium phosphate (pH 7.6), 50 
mM KCI. 8 mM MgCI,, 10c~,~ , sucrose plus 20 mM 
K ' - E D T A  li,r I h at 11°C. The mixture was vortexed 
every 5 min during solubilization. Non-solubilized m a -  

terial  was removed by ccntrifugation (2 min in an 
Eppcndorf  ccntrifugc). Thc supcrnatant  (0.3 ml) w a s  

layered on a tj ml linear sucrose gradient with 10-50% 
sucrose (w/v1 in 51) mM I~tassium phosphate (pH 7.6), 
511 mM K('I and 1.5~:,; cholate. Gradients  were cen- 
trifuged in a Beckman SW 41 Ti n~tor ( lq  h, 3501X1 
rpm, 6'~C). Pigmented bands were rec[~vcrcd from the 
gradient, analyzcd spcctrophot~)L,ctrically (scc Ref. 15) 
and kept on ice until further tmc. 

hwoq)oration ~]" pigment-i)rotein c'omph'tes into lipo- 

Acetone-washed l:scherichia ,'oli phospholipids 
(mainly phosphatidylcthanolaminc. Sigma, St. lamis, 
MO, USA), dispersed in 51) mM potassium phosphate 
(pi t  7.6). 511 mM KCI and 1~:,: ch~fialc, was sollieated to 
clarity under a £~Zllst;.llll stream of nitrogen gas at 0°C, 
using :l probe type sonicator (MSE Scientific Instru- 
ments. West Sussex, UK) at an output of 2 #m.  After 
the addition of pigment protein complexes (at a 
BChl/ l ip id  ratio of 40 nmol /mg)  the mixture w a s  

dialyscd at 4°C for 211 h against a ItXl(l-fold volume of 
51) mM potassium phosphate (pH 7.6), 50 mM KCI 
(thrcc changes). After dialysis the liposomes were 
stored in I ml aliquots in liquid nitrogen. Before use, 
the liposomes were thawed slowly at room temperature 
and sonicated twice Ior 3 s at 0°C with th, e probe-type 
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sonieator, at an output of 2 #m. ] 'he liposomes ~cre 
concentrated in 50 mM potassium phosphate (pH 7.6), 
50 mM KCI by ultracentrifugation (I h, 200(8)0 y g, 
4°C) and again sonicatcd two times for 3 s (()°C. 2 ~m) 
to remove aggregates. 

Pota,~'ium diffusion In~tentml~ 
Potassium diffusion potentials, inside negative, were 

induced in chromatophores and a conccntratcd sus- 
pension of lipoa)mes, by diluting the samples in 50 mM 
sodium phosphate (pH 7.6), 5(I mM NaCI (supple- 
mented with 10% sucrose and 8 mM MgCI z in the case 
of chromatophores) and adding 100 nM valinomycin. 

Room-temperature absorbance changes 
Absorbance difference (bandshift) spectra were 

recorded and analyzed using a singlc-beam Philips 
PU871X) Series U V / V I S  ',pcctrophotometcr. Spectra 
were plotted using the medium smoothing mode. All 
experiments were performed at 20°C in a 3 ml quartz 
cuvette with continuous stirring. 

Low-temperature absorbance and fluorescence-excitation 
spectra 

Low-temperature samples were prepared in 51)% 
glycerol, 20 mM Tris-HC! (pH 8.11), in 1 cm acrylic 
fluorescence cuvettes. Samples were cooled using an 
Oxford DNI704 liquid Nitrogen cryostat (equipped 
with an ITC 4 temperature controller). 

Low-temperature absorption spectra were recorded 
on a Cary 219 speetrophotometer. Fluorescence meas- 
urements were performed on a home-built fluorimcter 
[16]. Fluorescence was detected at right-angles, through 
a double f3.5 monochromator, using an EMI 9658 
photomultiplier (cooled to -30°C to rcducc dark cur- 
rent). 

Absorption and excitation spectra were analyzed on 
a Sun 4/280 minicomputer using a home-developed 
program. Gaussian fits of spectra wcrc deduced using 
the Marquardt-Lcvenbcrg algorithm. 

Analytical pn~'ethtres 
Bacteriochlorophyll (BChl) was estimated at 772 nm 

in ace tone /methanol  extracts according to ('[ayton 
[17]. 

Results 

Absorbance rhanges itz chromatophores and reconsti- 
tuted tiposomes, itzdtttt'd by all imposed membrane po- 
tential 

In intact bacterial cells and ehromatophores the 
electroehromic carotenoid absorbance changes show a 
characteristic spectrum, which can be explained by a 
shift (to higher or lower wavelength, dependent  on the 
direction of the externally applied field) of the ab- 
sorbance bands of a rcd-shifted fraction of the 

carotenoMs [18,19]. Such a characteristic s[)cct,-um 
could also be observed after isolatkm and rcconslitu- 
tion of RCLI~ILH.  complexes into liposomes (Fig. 1). 
For c~mpari~on, ako the spectral changes in the same 
region were recorded l~)r Rh..s;dmeroidcs .:hromato- 
phorcs from which the pigment-protein complexes were 
isolated. Fig. 1 show,; the result of these analyses. 
Chromatophorcs displayed a diffusion-potential in- 
duced diffcrencc spectrum with maxima at 521, 488 
and 458 nm and minima at 506, 472 and 442 nm (Fig. 
1B). Liposomes containing RCLHILHa complexes 
showed a similarly shaped difference spectrum (Fig. 
IA), but with different maxima (499 nm and 467 nn,) 
and minima (517 nm, 482 nm and 451 nm). 
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Fig. 1. Spectra of the cai'x)tenoid ahsorbance change induced by a K * 
diffusion potential in chromaloph~res of Rh sphaeroMe~ and lipo- 
sorncs containint: RCLlllLllwcomplcxcs. K'-Ioaded chromato- 
phorcs and liposomcs (rcconstilutcd at 40 nmol BChl/mg lipid) wcic 
diluted 5{)-fidd into 2 ml 50 mM sodium phosphate (pH 7.6) St) mM 
NaCI (~,upplemcnted with 10G sucrose and 8 mM MgSO 4 in the case 
of chroo,atophores). The figure shows the difference between spec- 
tra beh~re and after the addition of I{~) nM valinomycin. (A} 
RCLI l i l t  I n-lil~somcs, final BChl concentration, ~.8 ,u M: (B)Chro- 

matophores, final B('hl concentraliqm, 36 p M. 
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Fig. 2, [.oi-~-lernpcl:iitlrc al~sorl~allC¢ spcclr;i oi IA) ICh. v~hoerouh"; 
chroinali)phorc~ ii i i l l (B) R( ' I  J 1 i LI I u-Iip¢lsonlc~, lli~ih ~anlples vtere 
prepared ~is described in Malcri;tl~ and Methods. Liposomcs were 
rceonMittllt.d itl 411 nrn(ll lit'hi !rile lipid. Both spccir/i ~.~,crc recorded 

;it 77 K (a.u.. arbilrary unit:,). 

,4bsol6au('(" spectra 
A small blue-shift (4 nm) has recently been observed 

in lhc absorption spectrum of carotenoids in the Ltt n 
o~mplex from Rp.~. acizhq)hiht, upon incubation with a 
Ioa ::tmcentration of an ionic detergent (l i thium dode- 
cyl stllphatc) [11]. Wc thcrcfi)rc in~cstigatc(:! whcthcr it 
similar blue-shift between (part of the) carotcnoids in 
chrcmultophorcs and in reconstituted R(.'Ltt~Llll~- 
lii-'os~mie,; was  a lso  o b s e r v a b l e  in o n r  p r e p a r a t i o n s .  T h e  

p e a k  p t l s i l i i lns  o f  the  cartl lun~fit ls  ill Ihc  a b s o r b a n c c  

• ; p c c t r u m  of  R C I . I t ~ L t t  u - l i posomcs ,  at  r o o m  t e n l p c r a -  

l u r e .  d o  not  d i f f e r  m c a s u r a b l ~  f rom t h o s e  of  Rb. 

~7~haeroith's c h r o m a t o p h o r c s  ( d a t a  n o t  S I Iowl I ) .  ] h i s  is 

a l so  the case  w h e n  the  a b s o r b a n c c  s p e c t r a  a rc  r e c o r d e d  

tit 77 K (Fig .  2 )  Both  m e m b r a n e  p r e p a r , , l i o n s  d i sp lay .  

for the  h i t}g -wave leng th  c a r t f l c n o i d  p e a k .  an  ab-  

s , , rbancc  m a x i m u m  at 513 nm. t t o w c ~ c r ,  cvcn  at  77 K 

the  i n i c r r c d  shif t  of  the  f i e ld - sens i t i ve  BSI ) ( ) ca ro l cno ids  

r n a y b c  o b s c u r e d  by the  t i t he r  c a r o t c n o i d s  in the  sl im- 

pie  ~R({', B875 a n d  B8511), wh ich  a rc  p r c s c n l  in b o t h  

p r c p i t r a t i , n s  a t~undant ly  and  do  not  nece s sa r i l y  s h o w  a 

shif t  i den t i ca l  to tha t  ~)f th'.: f i e l d - sens i t i ve  c a r o t c n o i d s .  

Fhtorescence.t:wil~ttio/t =sperlro 

"]o identify the absorbance peaks of the BSO0- and 
B85(l-associated carotcnoids, fluorescence-excitation 
spcclr;.i wcrc recorded tit 77 K. Figs. 3 and 4 display 
h}~'-tcmperaturc excitation spectra of respectively 
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Fig. ~,. |:hll}rc~,cence-ex¢it:.lllon spectra of Rh. ~/)h[ll'l'Oidt'~" chfonlalltl- 
phore,,. Dolled line: [-mission detected at 860 nm. Solid lint,: Emis- 
,,ion dclcelcd ai 8115 nm. Dashed line: Emission detected at 91() tim. 
)'he ,,ample was prepared a,, lit'scribed in malt:rials and methods. All 

three spectra '~ele recorded at 77 K qLU.. arbitrary units). 

chromatophores and RCLH I LH n-liposomes, when the 
fluorescence eraission was detected at 850/860, 805 
and 910 nm. Fig. 3 shows the excitation spectra of the 
rcdmost absorption hand of the carotenoid region of  
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(A )  Emis~,ion det¢¢lcd at HS(} IIin, (I}) Emis,qon detected al 805 nm. 
The ~amplc were prepared as descril~cd in Malerial~ and Method~. 
[.iposL~me,; ,sere reetmMiluled at 4(I nmol BChl/mg lipid. Both 
',pectra were; recorded at 77 K. The solid lines represt,nt Gaussian 
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chromatophores of Rh. sphaeroMes (corrected for the 
lamp spectrum). The excitation peak detected at 910 
nm (513 nm) illustrates LH= emission, which repre- 
sents the sum of the contributions from all earotenoids, 
including the B875 carotenoids, and appears at an 
identical position as the absorption peak. Frol, Fig. 3 
it is clear that the LHn earotenoids contribute mainly 
to the red side of the absorption band. Also, there is a 
slight difference between the B800 and B850 excitation 
spectrum. The red side of the BS00 excitation spectrum 
is contaminated by the excitation spectrum of some 
uncoupled pigments. This contamination, which was 
variable in different preparations, had no significant 
effect on the position of the maximum of the BS(M) 
excitation spectrum. 

The difference between the B800 and B850 sxcita- 
tion spectra (Fig. 3) is only small 1514.5 vs. 5161. This is 
due partly to the fact that the B800 spectrum reflects a 
single component, while the B850 excitation spectrum 
contains contributions from both the 13800 and the 
B850 carotenoids, due to very efficient energy transfer 
from B800 to B850 [20,21]. This means that the true 
position of the B850 carotenoid band is slightly more to 
the blue, and that there is a significant difference 
between the two carotenoid pools. Such a difference 
was not observed in similar excitation spectra of 
RCLHjLHn-l iposomes (Fig. 4). Both the excitation 
spectrum of the B850 carote~oids 1513 rim) and the 
BS00 earotenoids (512.5 nm) are nearly identical to the 
absorption spectrum. This indicates that the ab- 
sorbance peak of the B800 carotenoids in liposomcs is 
indeed blue-shifted several nanometrcs with respect to 
the B800 carotenoids in chromatophores. 

Discussion 

Spectral differences between chromatophores atul recon- 
stituted lil~9somes 

The most consistent interpretation of the bandshift 
spectra (Fig. 1) assumes that solubilisation a n d / o r  
reconstitution of the pigmented proteins causes a slight 
blue-shift (approx. 4 to 6 nm) of the field-sensitive 
carotenoids (i.e., those associated with LH u: sec Rets. 
6-8). When this blue-shift is taken into account, it is 
clear that the carotenoids in chromatophores and in 
RCLHILH n complexe.,; give a mirror-response when 
exposed to a membrane potential. This is caused by the 
opposite orientation of the carotenoids associated with 
LH n in these two samples. The results described in 
Fig. 1 make it unlikely that the complexes have been 
reconstituted in a random orientation. In that case, a 
doubling of the number of minima and maxima in the 
potential-induced difference spectrum would be ex- 
pected. Indeed, it was found that in RCLHtLH n com- 
plexes, reconstituted in E. coli lipids, more than 95~: 
of the cytochrome c binding sites were exposed to the 
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external aqueous phase (Crielaard. W. and l|elling- 
~crf, K.J., unpublishcd observations). This is t[l¢ same 
direction and degree of net orientation as observed for 
RCLHILH~ c,~n'plcxes from Rhodopseudomona,s 
pah~stri.~ after rcconstitution in t;. coli phospholipids 
[15] and ctmtrasts their orientation in chromatophorcs. 

No significant differences can be observed bclwecn 
the absorbancc spectrum of the two preparations (Fig. 
2). indicating that the carotenoids which show an al- 
tered spectrum after rceonstitution represent only a 
small part of the carotenoids present in the prepara- 
tions. The major part of the earotenoids (e.g., those 
associated with the RC, B850 and B875) is therefore 
not measurably affected by rcconstitution. Indeed when 
emission is detected at 910 nm in ehromatophorcs (Fig. 
3; representing LH= emission and therefore both LH. 
and LH n excitation) an excitation peak is recorded 
which shows the same maximum as the absorbance 
spectrum (513 nm), 

It is clear thai chromatophorcs contain a heteroge- 
neous pool of carotenoids, showing ditferent excitatitm 
spectr~.. After reconstitution only a part of this pool 
(the B81~1 carotenoids) is damaged Jnd shows an al- 
tered spectrum. 

The observed difference between the B800 excita- 
tion spectra of chromatophorcs and liposomcs is suffi- 
cient to explain the shifted bandshift spectra of the 
liposomes. "lhis conclusion depends on the assertion 
that the B800 carotenoid is the field-sensitive pigment, 
However, the correlation between the bandshift spec- 
tra and the B800 excitation spectra is a very strong 
indication that this is actually the case. 

Electrochromic implieathms 
The shift in the absorption peak of the B8()(I 

carolenoid after reconstitution is probably ca~lscd by a 
.',light change in the conformation of thc L I t ,  protein. 
This change of conformation may cause a chansc in 
the polarizing permanent field near the carotenoid. 
According to the model of Kakitani et al. [22], this field 
(presumably resulting from charged amino acids) is 
responsible fl~r both the location of the absorptitm 
peak of the B8011 carotcnoid and for the lincarity oi i.hc 
elcctrochromic response. This proposed effect of the 
protein environment on the field sensitivity was re- 
cently confirmed by Stark effect measurements per- 
formed on the isolated B80(1-85(} complex [23] (note 
that also in these i,~olated complexes, as in reconsti- 
tuted liposomes, no difference was detected between 
the absorption peaks of the different carotenoids, sug- 
gesting that the B8110 carotenoid in these preparations 
had also been altered). In the proteoliposomes the 
electrochromic response is still linearly dependent on 
the applied field [9], indicating just a small change of 
the permanent field. 



14 

The  cxis tcncc of a "sccond pool" of  caro tcnoids  
(absorbing several nanometre~ to longer  wavelengths)  
was already sugges ted  by Dc Groo th  and A m e s z  [19]. 
Analysis  o f  the overall carotenoid spec t rum in Rh. 
sphacroidex d m m l a t o p h o r e s  into Gaus s i an  comp,)- 
nents ,  by these investigators,  revealed two diffcrcnt  
carotenoid pools. A first pooi. conta in ing  about  35C4 of 
the total carotenoid.  ~h ich  r e sponds  to potential  
changes  and  a second pool with absorbancc  max ima  at 
5 - 9  nm shor ter  wavelengths ,  which do not  show ab- 
sorhance changes  [19]. The  s tudies  p re sen t ed  hcrc  con- 
firm this hypothesis .  W c  are cur ren t ly  trying to gain 
more  insight into the exact na tu rc  of  the two pools 
using si te-directed mu tagcncs i s  on the  prote in  subun i t s  
of  the  LH n complex. 

The  fact thai a shift of  approx.  3.5 nm to shor te r  
wavelengths  d{)es not abolish the  field sensitivily o f  the 
BSll0 carotcntfid,  conf i rms the  model  predic ted  by 
Kakitani ct al [22]. T hcsc  author,', suggcs tcd  that 
chargcd rcs iducs  of  thc an t enna  pro te ins  were re,spon- 
sible fi~r the  spectral  red-shi l i  o f  both the  respond ing  
and the non- re spond ing  caro tenoid  pools. For the  lin- 
ear  e l ec t roehmmic  response  it is, however,  also essen-  
tial that the  charge  is asymmetr ical ly  d is t r ibuted a round  
the carotenoid molecule .  This  m e a n s  that  the  location 
of  thc  absorbanec  pcak is not  essent ia l  for elec- 
t r ochmmic  response ,  but  ra ther  the  presence  of  a 
polarizing electrical field. This  field appea r s  to be still 
large e n o u g h  in the  recons t i tu ted  LH,I (see also Rcf. 
9), s ince field-sensitivity is preserved  in these  reconsti-  
tu ted  complexes.  

Therefore ,  the  data  ot',',ained with the  l iposomes  can 
bc consistently explained within the  e lec t rochromic  
theor3,' [22]. This  may allow the use  of carotenoid  
absorbance  changes  as a membrane-po ten t i a l - r eg i s t r a -  
tion me thod  in recuns t i tu ted  and  fuscd m e m b r a n e s .  
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